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(54) Power supply

(57) A power supply to be connected in parallel to one or more other power supplies so as to share with the other
power supplies in supplying load current to a load is disclosed. The power supply includes a load current comparison
part including a first input terminal and a second input terminal and outputting a difference in level between a first signal
applied to the first input terminal and a second signal applied to the second input terminal. The load current comparison
part includes a differential amplifier (A2). A first input terminal of the differential amplifier is connected to a first input
terminal of the differential amplifier of each of the other power supplies. A signal indicating a load current supplied by
the power supply is input to a second input terminal of the differential amplifier. A non-�directional impedance element is
inserted between the first and second input terminals of the differential amplifier.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

�[0001] The present invention relates generally to power supplies, and more particularly to a power supply configured
to be connected in parallel to one or more power supplies so as to share with the other power supplies in supplying load
current.

2. Description of the Related Art

�[0002] In recent years, so-�called POL (Point of Load), which puts small-�capacity DC/DC converters (hereinafter simply
referred to as DDCs) into parallel operation and places them in the immediate vicinity of a load, has been commonly
employed instead of the conventional centralized power architecture as power supply configuration for large-�scale server
systems. At this point, in order to increase the reliability of the DDCs operating in parallel, a so-�called current balance
function that equalizes the output currents of the DDCs for thermal balance among the DDCs is provided. As this current
balance function, the average current mode, in which a DDC compares its output current with that of another DDC and
finely adjusts output voltage based on the comparison results, is widely used.
�[0003] Meanwhile, in a system used in a mission critical environment, DDCs are used in the so- �called N+1 parallel
redundant mode, and the highest current mode, which makes it possible to maintain the current balance function even
if one of the DDCs fails, is used. According to this N+1 parallel redundant mode (alternatively, also referred to as the
N+1 parallel operation mode), another extra DDC is added to N DDCs necessary for a required power supply capacity
on the load side so that the condition of the required power supply capacity can be satisfied even if one of the DDCs
becomes unusable due to failure. Reference may be made to Japanese Laid-�Open Patent Application No. 7-194118
(hereinafter, JP 7-194118) and Balogh, Laszlo; THE UC3902 LOAD SHARE CONTROLLER AND ITS PERFORMANCE
IN DISTRIBUTED POWER SYSTEMS, APPLICATION NOTE U-�163, Unitrode Corporation (hereinafter, Balogh) for the
conventional technology.
�[0004] In a unit-�type DDC used in the conventional centralized power architecture, the inductance of a bus bar con-
necting a power supply and a load is high, so that a large load capacitor is provided in the vicinity of the load. This
capacitor absorbs sharp variations in load current, so that the output current of the DDC has a low-�frequency sinusoidal
waveform from which high frequency components are removed.
�[0005] Nowadays, however, according to POL, this bus bar is omitted, the DDC is responsive at higher speed, and
the load capacitor is reduced. As a result, the output current of the DDC tends to vary sharply so as to include a lot of
high frequency components. This sharp variation in the output current affects a current balance circuit of Highest Current
Mode, so that the problem of increasing output voltage tends to occur. In particular, this problem is prominent in a DDC
for memory, in which a sharp variation is periodically caused in load current, so that there is the possibility of occurrence
of memory operation error and, further, system down due to activation of the overvoltage protection circuit of the DDC.
Further, in the current balance circuit of the highest current mode, periodic variations in load current may cause an
increase in output voltage. A new circuit method for solving these problems is desired.
�[0006] In general, the following four modes are employed for the current balance circuit. They have respective char-
acteristics and are used accordingly. In particular, of the four modes, the highest current mode is employed for the N+1
parallel redundant mode, which requires reliability, as described below.
�[0007] The droop mode reduces output voltage by a certain amount when output current increases. This mode has
a circuit configuration shown in FIG. 1, and is frequently employed in a front end bus power supply of 48 V or 12 V.
However, this is not applied as the latest power supply for high- �accuracy LSIs requiring low voltage and large current
because of difficulty in ensuring voltage accuracy.
�[0008] The master-�slave mode, in which one DDC serves as a master and supplies a pulse signal to each slave DDC,
is characterized by a simple circuit. However, when the master DDC fails, all the DDCs are down. Accordingly, this is
not applied to the N+1 parallel redundant operation.
�[0009] The average current mode, in which a DDC compares its current with the current of another DDC and finely
adjusts output voltage based on their average, has a circuit configuration shown in FIG. 2. According to this mode, if
one of multiple DDCs falls into an overcurrent pendent state or fails, current balance line voltage decreases so that the
current balance function is lost. Accordingly, this is not applied to the N+1 parallel redundant operation.
�[0010] The highest current mode has a circuit configuration shown in FIG. 3. In this mode, a DDC compares its current
with a reference, which is the maximum one of the output current values of N DDCs operating in parallel, and balances
its current (FIG. 2 of JP 7-194118 and Figure 1 of Balogh).
�[0011] According to this mode, by inserting a diode in the terminal part of a current share bus, a current sense amplifier
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is automatically detached from the bus when a DDC fails. As a result, even after this, the current balance function can
be maintained among the remaining N DDCs. Accordingly, this mode is employed in the N+1 parallel redundant operation
mode.
�[0012] On the other hand, in recent years, there has occured a problem in that when the above-�described current
balancing of the highest current mode is employed in POL, output voltage increases so as to cause memory operation
error and, further, lead to system down.
�[0013] FIG. 4 shows signal waveforms at the time of an output voltage increase actually generated in DDCs for memory
in a server system.
�[0014] DDC specifics in this case are as follows:�

insulating card edge type;
switching frequency = 600 kHz;
current mode;
highest current mode current balancing;
Vin = 48 V;
Vout = 2.5 V;
Iout = 40 A; and
number of paralleled DDCs = 3+1 parallel redundant operation.

�[0015] Loads are 32 1- �GB DDR memory cards, and a load capacitor is approximately 10,000 PF.
�[0016] Other specifics are Vout = 200 mV/D, Iout = 0.5 V/D, and 50 mS/D.
�[0017] FIG. 4 shows a 2.5 V output voltage waveform (CH4 = Vout in the drawing) and the output current waveforms
of the three DDCs (CH1, CH2, and CH3 in the drawing).
�[0018] In the initial stage, the output current of each DDC is approximately 18 A, and the current balance function
works normally. Thereafter, a load current varies in accordance with the operations of the DDR memory cards, but the
output current follows up while balancing.
�[0019] However, from about the fifth cycle, the output currents of the DDCs start to differ in size from and be out of
phase with one another, and the output voltage starts to rise from 2.5 V, and finally, rises up to 3.3 V. As a result, an
overvoltage protection circuit functions to stop the operation of each DDC, thus causing system down.
�[0020] Such a phenomenon occurs only occasionally depending on conditions such as the arrangement of and the
differences between DDCs and the number and the operation mode of DDR memory cards. Accordingly, it is difficult to
discover its possibility with a test apparatus, and it is predicted that this phenomenon occurs in a field so as to result in
a serious problem.
�[0021] The mechanism of occurrence of this output voltage increase in the highest current mode is analyzed below
based on circuit simulation results.
�[0022] FIG. 5 shows a highest-�current-�mode current comparator circuit used in this analysis.
�[0023] First, a discussion is made of the operation in the case where the load currents of DDCs vary in the same
phase and in the same state.
�[0024] Here, the Ishare terminal of each DDC is opened so as to cause the DDC to operate independently. The
operation of the output voltage waveform Vad1 of the current comparator circuit is obtained by applying its own output
current waveform V-�Iout1 to the DDC.
�[0025] FIG. 6A shows the operational waveform of the variation frequency of 2 kHz of V- �Iout1 in a case where a
resistor Rd is 200 kΩ in this case.
�[0026] As shown in FIG. 6B, when the variation frequency of the output current is low, Vad1 operates normally without
a voltage increase.
�[0027] Next, FIG. 7A shows operational waveforms in the case of increasing the variation frequency by ten times to
20 kHz and successively changing the value of the resistor Rd from 500 kΩ to 200 kΩ and 10 kΩ.
�[0028] As shown in FIG. 7A, when Rd is 200 kΩ, the voltage V- �Ishare of the Ishare terminal is higher than V-�Iout1
voltage for a longer period of time because the discharge speed of a capacitor Cg is lower than the variation of the output
current. As a result, as shown in FIG. 7B, Vad1 increases because of the repeated variation of the output current.
�[0029] When the value of the resistor Rd is set to 500 kΩ, Vad1 further increases (FIG. 7B). This increase in Vad1
results in an increase in the output voltage.
�[0030] It is shown that next, when the value of the resistor Rd is reduced to 10 kΩ, the discharge speed of Cg becomes
higher than the variation speed of V- �Iout, so that it is possible to prevent Vad1 from increasing (FIGS. 7A and 7B).
�[0031] It has been found that the problem of voltage increase can be improved by thus reducing the value of the
resistor Rd connected in parallel to the capacitor Cg.
�[0032] However, in the case of reducing the value of the resistor Rd, the following two problems occur.
�[0033] The first one is that a forward drop in a diode D1 connected between the input terminals of a differential amplifier
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(adjustment amplifier) A1 increases so as to increase a differential input with respect to a current balancing operation.
The second one is that a current flowing to the Ishare terminal increases so as to make it necessary to improve the
driving capability of a current detection amplifier (current amplifier).
�[0034] As a further increase in DDC operational frequencies and response speed is desired for the future, it will become
necessary to increase the discharge speed of the capacitor Cg by further reducing the value of the resistor Rd. Accordingly,
it is desired to solve these problems.
�[0035] In the conventional centralized power system, a unit power supply, which is slow in response speed, is employed,
and power is supplied to a load with a bus bar having a high inductance component. In this case, since the output
impedance of the power supply rises from a low frequency domain, a large capacitor is added in the vicinity of the load.
The inductance component and the load capacitor serve as filters so that the load current of the unit power supply
becomes sinusoidal. As a result, overshoot and undershoot are kept low.
�[0036] However, in the case of POL, connection line inductance is low, and the load capacitor is small. Accordingly,
DDCs vary greatly in the inductance of their smoothing circuits, and differ greatly in the inductance and resistance of
connection lines to the load. These elements may affect the output current waveforms of the DDCs.
�[0037] As a result, an amplitude difference and a phase difference are generated between the overshoot and under-
shoot waveforms of the output currents of the DDCs as shown in FIG. 8. FIGS. 9A and 9B shows the operational
waveforms of the current balance circuits of DDCs in the case where such output currents flow.
�[0038] FIGS. 9A and 9B show the results of a simulation performed with application of a circuit configuration in which
two circuits of FIG. 5 are connected.
�[0039] FIGS. 9A and 9B show that the output voltage Vad1 of the comparator circuit increases because of the phase
difference between the output currents of the two DDCs. In this case, reducing the value of the resistor Rd to 10 kΩ
cannot completely solve the problem of output voltage increase generated because of variations in the load current.

SUMMARY OF THE INVENTION

�[0040] Accordingly, it is a general object of the present invention to provide a power supply in which the above-
described disadvantage is eliminated.
�[0041] A more specific object of the present invention is to provide a power supply to be connected in parallel to one
or more other power supplies, which can follow a sudden change in a load at high speed.
�[0042] The above objects of the present invention are achieved by a power supply to be connected in parallel to one
or more other power supplies so as to share with the other power supplies in supplying load current to a load, the power
supply including: a load current comparison part configured to include a first input terminal and a second input terminal
and output a difference in level between a first signal applied to the first input terminal and a second signal applied to
the second input terminal, wherein the load current comparison part includes a differential amplifier, a first input terminal
of the differential amplifier is connected to a first input terminal of a differential amplifier of each of the other power
supplies, a signal indicating a load current supplied by the power supply is input to a second input terminal of the
differential amplifier, and a non-�directional impedance element is inserted between the first and second input terminals
of the differential amplifier.
�[0043] The above objects of the present invention are also achieved by a power supply to be connected in parallel to
one or more other power supplies so as to share with the other power supplies in supplying load current to a load, the
power supply including: a load current comparison part configured to compare a signal indicating a maximum one of
load currents of the power supplies and a signal indicating a load current supplied by the power supply; and a non-
directional impedance element inserted between input terminals of the load current comparison part.
�[0044] In the conventional configuration shown in FIG. 3, a diode is connected between the input terminals of a
differential amplifier. Accordingly, with a capacitor for high frequency removal (capacitor Cg) being charged, the potential
difference between the differential input terminals of the differential amplifier tends to increase more than required
because of a blocking operation in a particular direction by the diode. As a result, the above-�described problem of voltage
increase (FIGS. 7B and 9B) tends to occur.
�[0045] On the other hand, according to one aspect of the present invention, a non- �directional impedance element is
inserted between the differential input terminals of a differential amplifier (or a load current comparison part), so that the
above-�described problem is solved and it is possible to prevent occurrence of the problem of voltage increase.
�[0046] Thus, according to one aspect of the present invention, in a power supply, a non-�directional impedance element
is inserted between the differential input terminals of a differential amplifier (or a load current comparison part), so that
the differential output value of the differential amplifier is prevented from increasing more than necessary even when a
maximum load current value is higher than its own load current value of the power supply. As a result, by providing a
capacitor for high frequency removal, it is possible to prevent abnormal oscillation. Further, it is possible to provide a
power supply that can ensure prevention of occurrence of the above-�described problem of voltage increase even when
a directional impedance element for cutting off a signal indicating the load current value of the power supply when it is
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lower than the maximum load current value is provided.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0047] Other objects, features and advantages of the present invention will become more apparent from the following
detailed description when read in conjunction with the accompanying drawings, in which:�

FIG. 1 is a circuit diagram showing a conventional current balance circuit;
FIG. 2 is a circuit diagram showing another conventional current balance circuit;
FIG. 3 is a circuit diagram showing yet another conventional current balance circuit;
FIG. 4 is a waveform chart for illustrating a conventional problem;
FIG. 5 is a circuit diagram for illustrating the conventional problem;
FIGS. 6A and 6B are waveform charts for illustrating the conventional problem;
FIGS. 7A and 7B are waveform charts for illustrating the conventional problem;
FIG. 8 is a waveform chart for illustrating the conventional problem;
FIGS. 9A and 9B are waveform charts for illustrating the conventional problem;
FIG. 10 is a circuit diagram showing a current balance circuit according to an embodiment of the present invention;
FIGS. 11A and 11B are a circuit diagram and a waveform chart, respectively, for illustrating simulation results based
on the configuration of FIG. 10 according to the embodiment of the present invention;
FIGS. 12A and 12B are waveform charts for illustrating the simulation results based on the configuration of FIG. 10
according to the embodiment of the present invention;
FIG. 13 is a graph for illustrating the operation in the configuration of FIG. 10 according to the embodiment of the
present invention;
FIG. 14 is a waveform chart for illustrating the simulation results based on the configuration of FIG. 10 according to
the embodiment of the present invention;
FIGS. 15A through 15D are waveform charts for illustrating an operation and effect of the configuration of FIG. 10
according to the embodiment of the present invention;
FIG. 16 is a circuit diagram for illustrating the operation and effect of the configuration of FIG. 10 according to the
embodiment of the present invention;
FIGS. 17A through 17D are waveform charts for illustrating a conventional problem according to the embodiment
of the present invention;
FIG. 18 is a circuit diagram for illustrating the conventional problem according to the embodiment of the present
invention;
FIG. 19 is a block diagram showing a configuration of a power supply to which the configuration of FIG. 10 is applied
according to the embodiment of the present invention; and
FIG. 20 is a block diagram showing a configuration of each DDC in FIG. 19 according to the embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

�[0048] According to an embodiment of the present invention, in a power supply having parallel-�connected multiple
DDCs, a configuration shown in FIG. 10 is employed where a resistor Rd0 is connected between the current reference
signal V-�Ishare and the current detection signal V-�Iout1s of a current balance circuit 10 of each DDC, and a resistor Rd1
is connected between the current detection signal V-�Iout1s and ground (GND).
�[0049] As a result, in the DDC, if V- �Ishare is higher than an electric potential indicating its own output current (the
output potential of a current detection amplifier A2), V- �Iout1s increases through the resistor Rd0 in accordance with V-
Ishare. As a result, the maximum value of the current detection signal V- �Iout1s matches the current reference signal V-
Ishare (FIGS. 15A and 15C). Thus, current balance control that follows up a maximum current value is enabled.
�[0050] On the other hand, in the case of a conventional circuit configuration, the diode D1 is connected between the
differential input terminals of the differential amplifier (adjustment amplifier) A1. Therefore, as shown in FIGS. 17B and
17C, in the DDC, if V-�Ishare (FIG. 17A) is higher than the electric potential indicating its own output current (the output
potential of the current detection amplifier A2), this signal is blocked by the diode D1 so as to prevent a corresponding
increase of V-�Iout1s. In consequence, the level of V- �Iout1s remains at the level of the electric potential indicating its own
output current (the output potential of the current detection amplifier A2). As a result, the differential input to the differential
amplifier (adjustment amplifier) A1 increases, so that its differential output gradually increases as shown in FIG. 17D.
As a result, the above-�described problem of voltage increase occurs.
�[0051] In this embodiment, as described above, this problem is solved by inserting the resistor Rd0 instead of the
diode D1 between the input terminals of the differential amplifier A1.



EP 1 703 613 A2

6

5

10

15

20

25

30

35

40

45

50

55

�[0052] FIGS. 15A through 15D show voltage waveforms in the parts of point a through d, respectively, of a circuit
configuration shown in FIG. 16. Likewise, FIGS. 17A through 17D show voltage waveforms in the parts of point a through
d, respectively, of a circuit configuration shown in FIG. 18.
�[0053] Further, in this embodiment, the diode D1 is inserted between the output part of the current detection amplifier
A2 and the current detection signal V- �Iout1s. Accordingly, even if the DDC fails, the current reference signal V-�Ishare
is prevented from decreasing with a decrease in the V- �Iout1s of the failed DDC. This ensures that the operation and
effect by the N+1 parallel redundant mode are obtained.
�[0054] Further, in this embodiment, the capacitor Cg for high frequency removal is provided to the non- �inverting input
terminal (+ terminal) of the current balance amplifier (differential amplifier) A1 (FIG. 10). It is possible to discharge the
capacitor Cg through the resistor Rd1 even when an electric charge is retained in the capacitor Cg. Accordingly, the
potential difference between the current reference signal V-�Ishare and the current detection signal V- �Iout1s can be
maintained, so that it is possible to prevent an abnormal increase in output voltage.
�[0055] Further, in this embodiment, a resistor Rg is inserted in series between the non- �inverting input terminal (+
terminal) of the current balance amplifier A1 and the capacitor Cg for high frequency removal. This configuration makes
it possible to prevent an electric charge from being stored in the capacitor Cg even in the case of an abrupt change in
load current. As a result, the potential difference between the current reference signal V-�Ishare and the current detection
signal V-�Iout1s is maintained, so that it is possible to prevent an abnormal increase in output voltage.
�[0056] Thus, according to the configuration of this embodiment, the current balance circuit of a DDC can follow up an
abrupt high- �speed change in a load. This makes it possible to increase the response speed of a voltage stabilizing
function, so that it is possible to control a variation in output voltage at the time of the abrupt change in the load.
�[0057] A description is given below, with reference to the accompanying drawings, of a power supply (FIG. 19) according
to the embodiment of the present invention.
�[0058] FIG. 10 is a circuit diagram showing the current balance circuit 10 of each of parallel- �connected multiple DDCs
forming the power supply.
�[0059] The current balance circuit 10 includes the current balance amplifier A1, the current detection amplifier A2, a
voltage control amplifier A3, the diode D1, the resistors Rd0, Rd1, and Rg, resistors R1 through R9, the capacitor Cg,
capacitors C1 and C2, and a voltage source B1.
�[0060] The current detection amplifier A2 detects a load current ILOAD, supplied to a load circuit by the DDC including
the current balance circuit 10, with difference input terminals through a resistor RS, and outputs the result of the detection.
�[0061] The diode D1 has the function of blocking a signal when the load current ILOAD supplied to the load by the
DDC is lower than the maximum one of the load currents ILOAD supplied by the other DDCs having the same configuration
as and connected in parallel to the DDC, the maximum one of the load currents ILOAD being obtained through a current
share bus BUS.
�[0062] The current share bus BUS is connected through the resistor R2 to the non-�inverting input terminal (+ terminal)
of the current balance amplifier A1, and the output terminal of the current detection amplifier A2 is connected through
the diode D1 and the resistor R1 to the inverting input terminal (- terminal) of the current balance amplifier A1. The
resistor Rd0 is inserted between these input terminals of the current balance amplifier A1 through the resistors R1 and R2.
�[0063] Further, the resistor Rd1 is connected through the resistor R1 between the inverting input terminal of the current
balance amplifier A1 and ground. Further, a parallel circuit of the resistor R4 and a series circuit of the resistor Rg and
the capacitor Cg is connected between the non-�inverting input terminal of the current balance amplifier A1 and ground.
�[0064] Further, a parallel circuit of the resistor R3 and a series circuit of the capacitor C1 and the resistor R5 is
connected between the inverting input terminal and the output terminal of the current balance amplifier A1.
�[0065] Further, the resistor R6 is inserted between the output terminal of the current balance amplifier A1 and the
non-�inverting input terminal of the voltage control amplifier A3. The voltage source B1 is connected through the resistor
R7 to the non-�inverting input terminal of the voltage control amplifier A3.
�[0066] Further, the resistor R9 and a series circuit of the resistor R8 and the capacitor C2 are connected in parallel
between the inverting input terminal and the output terminal of the voltage control amplifier A3.
�[0067] A description is given below of an operation of the current balance circuit 10.
�[0068] A voltage signal indicating the load current ILOAD as the output current of the DDC detected in the current
detection amplifier A2 is input to the inverting input terminal of the current balance amplifier A1 through the diode D1
and the resistor R1.
�[0069] On the other hand, in the current share bus BUS, which is connected as described above through a resistor
to the non-�inverting input terminal of the current balance amplifier of the current balance circuit of each of the DDC and
the other DDCs connected in parallel thereto, a voltage signal indicating the maximum one of the load currents supplied
to the load by these parallel- �connected DDCs appears.
�[0070] That is, in the current balance circuit of each of the parallel-�connected DDCs, a voltage signal indicating a load
current supplied by the DDC is connected to the current share bus BUS through a series circuit of a diode and a resistor
as shown in FIG. 10. As described above, the diode blocks a signal when the level of the voltage signal indicating the
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load current supplied by the DDC is lower than the electric potential of the current share bus BUS.
�[0071] In this case, the output potential of the current detection amplifier in the current balance circuit of one of the
parallel-�connected DDCs which one supplies the maximum load current becomes the highest. As a result, the diodes
connected to the current detection amplifiers of the current balance circuits of the other DDCs are in a blocking state.
In consequence, an electric potential indicating the load current of the one of the DDCs supplying the maximum load
current appears in the current share bus BUS.
�[0072] The current balance amplifier A1 compares electric potentials input to its input terminals, and outputs an electric
potential corresponding to the comparison result. Accordingly, if the maximum one of the load currents of the parallel-
connected DDCs becomes larger than the supplied load current detected in the current detection amplifier A2, the output
potential of the current balance amplifier A1 increases accordingly.
�[0073] The output potential of the current balance amplifier A1 is input through the resistor R6 to the non- �inverting
input terminal of the voltage control amplifier A3. In this case, this signal is input, being superposed on a signal from the
voltage source B1 connected through the resistor R7 to the non- �inverting input terminal of the voltage control amplifier A3.
�[0074] On the other hand, the inverting input terminal of the voltage control amplifier A3 is connected through the
circuit formed of the resistors R8 and R9 and the capacitor C2 to the output terminal of the DDC supplying the load
current to the load (FIG. 20). Further, the voltage source B1 has the function of indicating the reference potential Vref
of output voltage at the output terminal of the DDC.
�[0075] The voltage control amplifier A3 performs feedback control so that the output potential of the DDC is equalized
with an electric potential in which the reference potential Vref and the output potential of the current balance amplifier
A1 are superposed. That is, an error voltage, which is the output potential of the voltage control amplifier A3, is input to
the non-�inverting input terminal of a PWM comparator 40 (FIG. 20) of the DDC, while a triangle wave of a predetermined
frequency (for instance, 600 kHz) is input from an oscillator 30 (FIG. 20) to the inverting input terminal of the comparator
40. As a result, the output of the PWM comparator 40 becomes a pulse signal having duty corresponding to the error
voltage. The switching of a rectifier element in a DC-�DC voltage conversion part 20 (FIG. 20) of the DDC is performed
with this pulse signal. As a result, a DC voltage corresponding to the duty of the pulse signal is output from the DDC.
Accordingly, if the error voltage increases, the duty increases, so that the load current increases.
�[0076] Thus, in the current balance circuit 10 of the DDC, if the maximum one of the load currents of the parallel-
connected DDCs is higher than the load current supplied by the DDC, the output voltage of the DDC increases through
the above-�described operation. As a result, the load current supplied to the load by the DDC increases. This operation
is performed in each of the parallel-�connected DDCs (DDCs 100-1 through 100-n in FIG. 19), so that load current
equalization is automatically performed among the n DDCs.
�[0077] Referring back to FIG. 10, unlike in the conventional circuit configuration shown in FIG. 3, the resistor Rd0 as
a non-�directional impedance element is inserted instead of the diode D1 between the input terminals of the current
balance amplifier A1 in the circuit configuration of FIG. 10. As a result, as described above, even when the electric
potential V-�Ishare of the current share bus BUS is higher than the electric potential V-�Iout1s indicating its own load
current ILOAD, the electric potential V-�Ishare affects the electric potential V- �Iout1s through the resistor Rd0.
�[0078] As a result, even in this case, the differential input to the current balance amplifier A1 is prevented from increasing
more than necessary, so that the output of the current balance amplifier A1 is prevented from becoming too high.
Accordingly, an abnormal increase in the output voltage of the current balance amplifier A1 is prevented (FIGS. 15D
and 17D). As a result, a situation is avoided where the current balance function of the power supply is hampered by an
abnormal increase in the load current of the DDC.
�[0079] Further, the capacitor Cg connected through the resistor Rg to the non-�inverting input terminal of the current
balance amplifier A1 has a high frequency removal function. That is, when high-�frequency noise is on the current share
bus BUS, the noise is let to the ground side, thereby preventing occurrence of circuit oscillation resulting from the noise.
�[0080] In the conventional circuit configuration shown in FIG. 3, the diode D1 is inserted between the input terminals
of the current balance amplifier A1 as described above. Accordingly, once the capacitor Cg retains an electric charge,
the capacitor Cg is not easily dischargeable.
�[0081] On the other hand, according to this embodiment, the resistor Rd0 is inserted between the input terminals of
the current balance amplifier A1, and the resistor Rd1 is provided to facilitate discharging of the capacitor Cg. Accordingly,
the capacitor Cg is discharged easily. As a result, it is possible to prevent an abnormal increase in the differential output
of the current balance amplifier A1 due to an increase in the differential input thereto caused by retention of an electric
charge in the capacitor Cg.
�[0082] Further, the resistor Rg is connected in series to the capacitor Cg. This prevents retention of an electric charge
in the capacitor Cg due to a variation in the load current, so that it is possible to prevent an abnormal increase in the
differential output of the current balance amplifier A1.
�[0083] Thus, according to the present invention, the diode D1 is inserted in the output part of the current detection
amplifier A2 in order to solve the problem of output voltage increase in a current balance circuit of a type that follows up
an abrupt change in a load. As a result, even if an electric charge is retained in the capacitor Cg, the potential difference
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between the V-�Ishare terminal and the V-�Iout1s terminal is prevented from increasing unnecessarily.
�[0084] The results of a simulation performed in order to verify the operation and effect of the current balance circuit
10 are shown below.
�[0085] First, the results of an analysis of an operation in the case where the load currents of DDCs vary in the same
phase and in the same state are shown. The analysis was performed using a circuit configuration shown in FIG. 11A.
FIG. 11B shows operational waveforms in a case where the resistor Rd1 is 200 kΩ and the variation frequency of the
electric potential V- �Iout1 corresponding to the load current ILOAD is 20 kHz.
�[0086] As shown in FIG. 11B, it has been confirmed that even when discharging of the capacitor Cg is slow, the
potential difference between V-�Ishare and V-�Iout1s is prevented from widening, so that no voltage increase occurs in a
differential output Vad1 so as to make it possible to maintain a normal operation.
�[0087] Next, the results of a simulation performed by connecting two circuits of the circuit configuration of FIG. 10 are
shown.
�[0088] FIGS. 12A and 12B show the operational waveforms of current balance circuits obtained in this case.
�[0089] FIGS. 12A and 12B show that even when there is a phase difference between the output currents of two DDCs,
the differential output voltage Vad1 of the comparator circuit is prevented from increasing and maintains a steady-�state
value. Accordingly, it has been verified that the problem of output voltage increase that can occur because of a variation
in load current can be solved in the circuit method according to this embodiment.
�[0090] Next, FIG. 13 shows a static current balance characteristic obtained in the case of performing a parallel operation
of ten DDCs according to this embodiment.
�[0091] FIG. 13 shows that one of the DDCs in which a maximum current flows serves as a reference and is followed
up by the other DDCs, so that an excellent current balance characteristic is obtained.
�[0092] Further, FIG. 14 shows the results of confirmation of the operations of DDCs according to this embodiment,
which confirmation was performed with application of the same load conditions as in the case of occurrence of the output
voltage abnormal increase phenomenon described above with reference to FIG. 4. FIG. 14 shows the output current
waveforms and output voltage waveforms of four DDCs.
�[0093] As shown in FIG. 14, it has been confirmed that the output voltages of the DDCs are kept constant even if an
abrupt change repeatedly occurs in a load as in FIG. 4.
�[0094] Effects according to the embodiment of the present invention based on these experiments may be summarized
as follows.
�[0095] In the conventional circuit configuration of FIG. 3, only abrupt load changes equal to or below AIout = 20 App
(50% of a rating of 40 A) can be followed up even with a load capacitor of 4000 PF.
�[0096] On the other hand, according to the circuit of this embodiment shown in FIG. 10, an abrupt load change of
∆Iout = 40 App (100% of the rating of 40 A) can be followed up with a load capacitor of 1300 PF.
�[0097] FIGS. 15A through 15D, 16, 17A through 17D, and 18 are graphs and diagrams for illustrating effects by the
circuit configuration of this embodiment in contrast to the conventional circuit configuration.
�[0098] As graphically illustrated, in the conventional circuit, since the diode D1 is inserted between the input terminals
of the current balance amplifier A1, a variation in the current share bus potential V-�Ishare is blocked by the diode D1,
so that the electric potential V- �Iout1s coupled to the inverting input terminal of the current balance amplifier A1 follows
up only an electric potential indicating the load current ILOAD (FIGS. 17B and 17C). As a result, when the current share
bus potential V- �Ishare increases, the differential input of the current balance amplifier A1 increases, so that its differential
output increases, thus resulting in an abnormal increase in output voltage (FIG. 17D).
�[0099] On the other hand, according to the configuration of this embodiment, the resistor Rd0 is inserted instead of
the diode D1 between the input terminals of the current balance amplifier A1 as shown in FIG. 16. Accordingly, a variation
in the current share bus potential V-�Ishare affects, through the resistor Rd0, the electric potential V-�Iout1s coupled to
the inverting input terminal of the current balance amplifier A1. As a result, the electric potential V- �Iout1s increases with
the current share bus potential V-�Ishare when the current share bus potential V- �Ishare increases (FIGS. 15A and 15C).
In consequence, even when the current share bus potential V-�Ishare increases, the differential input of the current
balance amplifier A1 is prevented from increasing more than necessary. As a result, an abnormal increase in the
differential output of the current balance amplifier A1 is prevented, so that no abnormal increase occurs in output voltage.
�[0100] FIG. 19 is a block diagram showing a configuration of the power supply according to this embodiment. In the
power supply of FIG. 19, the n DDCs 100-1 through 100-n, each including the current balance circuit 10 of the circuit
configuration of FIG. 10, are connected in parallel to one another, and share with one another in supplying load current.
�[0101] As graphically illustrated, according to this power supply, DC power is supplied from a DC output power supply
unit 200 to the parallel- �connected DDCs 100-1 through 100-n. The above- �described "N+1 parallel redundant mode" is
applied to these parallel-�connected DDCs. That is, n-�1 of the n DDCs are sufficient as actually required load capacity.
Accordingly, even if one of the DDCs becomes unusable because of failure, no problem is caused in power supply.
�[0102] The outputs ILOAD1 through ILOADn of the n parallel DDCs 100-1 through 100-n are supplied to a load 300.
The load 300 may include load devices such as a CPU, memory, and LSI. In a single system, the n DDCs are divided
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into multiple groups of DDCs, and each group of DDCs is connected to a corresponding one of the load devices.
�[0103] As described above, the DDCs 100-1 through 100-n are interconnected via the current share bus BUS.
�[0104] FIG. 20 is a block diagram showing an internal configuration of each of the parallel DDCs 100-1 through 100-n
shown in FIG. 19.
�[0105] As graphically illustrated, the DDC 100-1 includes the DC-�DC voltage conversion part 20, the PWM comparator
40, the oscillator 30, and the current balance circuit 10 shown in FIG. 10. The DC-�DC voltage conversion part 20 converts
a DC supply voltage supplied from the DC output power supply unit 200, using switching of a rectifier element and a
smoothing function by a smoothing circuit, and outputs the converted DC voltage. The PWM comparator 40 supplies a
pulse signal of predetermined duty to the DC- �DC voltage conversion part 20 as described above. The oscillator 30
supplies a triangle wave to the PWM comparator 40 as described above.
�[0106] An output voltage signal for feedback is extracted from the output terminal of the DC-�DC voltage conversion
part 20, and is input to the inverting input terminal of the voltage control amplifier A3 of the current balance circuit 10 as
described above.
�[0107] Further, although not graphically illustrated in FIG. 20, the current detection amplifier A2 is connected through
the resistor RS to the output line of the DC-�DC voltage conversion part 20 as shown in FIG. 10, and detects the load
current of the DDC 100-1 as described above.
�[0108] The current balance amplifier A1 corresponds to a load current comparison part, the voltage control amplifier
A3 corresponds to a supply voltage comparison part, the diode D1 corresponds to a directional impedance element, the
capacitor Cg corresponds to a capacitive element for high frequency removal, the resistor Rd0 corresponds to a non-
directional impedance element, the resistor Rd1 corresponds to an impedance element for discharging the capacitive
element, and the resistor Rg corresponds to an impedance element connected in series to the capacitive element for
high frequency removal.
�[0109] The present invention is not limited to the specifically disclosed embodiments, and variations and modifications
may be made without departing from the scope of the present invention.

Claims

1. A power supply to be connected in parallel to one or more other power supplies so as to share with the other power
supplies in supplying load current to a load, characterized by: �

a load current comparison part configured to include a first input terminal and a second input terminal and output
a difference in level between a first signal applied to the first input terminal and a second signal applied to the
second input terminal,
wherein: �

the load current comparison part includes a differential amplifier;
a first input terminal of the differential amplifier is connected to a first input terminal of a differential amplifier
of each of the other power supplies;
a signal indicating a load current supplied by the power supply is input to a second input terminal of the
differential amplifier; and
a non- �directional impedance element is inserted between the first and second input terminals of the differ-
ential amplifier.

2. The power supply as claimed in claim 1, characterized in that: �

the signal indicating the load current supplied by the power supply is input to the second input terminal of the
differential amplifier through a directional impedance element;
the directional impedance element blocks the signal when a level of the load current supplied by the power
supply is lower than a level of a maximum one of load currents of the power supplies; and
a capacitive element for high frequency removal is connected to the first input terminal of the differential amplifier.

3. The power supply as claimed in claim 2, further characterized by: �

an impedance element for discharging the capacitive element.

4. The power supply as claimed in claim 2, further characterized by: �
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an impedance element connected in series to the capacitive element.

5. The power supply as claimed in claim 1, further characterized by: �

a supply voltage comparison part configured to compare a signal indicating a supply voltage supplied by the
power supply and a signal in which an output signal of the load current comparison part is superposed on a
signal indicating a reference voltage of the supply voltage;
a PWM comparison part configured to compare an output signal of the supply voltage comparison part and a
triangle wave signal; and
a supply voltage generation part configured to generate the supply voltage corresponding to a duty ratio of an
output of the PWM comparison part,
wherein the supply voltage comparison part controls the supply voltage generation part through the PWM
comparison part so that a level of the supply voltage is equalized with a level of the superposition of the output
signal of the load current comparison part and the reference voltage.

6. A power supply to be connected in parallel to one or more other power supplies so as to share with the other power
supplies in supplying load current to a load, characterized by: �

a load current comparison part configured to compare a signal indicating a maximum one of load currents of
the power supplies and a signal indicating a load current supplied by the power supply; and
a non-�directional impedance element inserted between input terminals of the load current comparison part.

7. The power supply as claimed in claim 6, further characterized by: �

a directional impedance element configured to block the load current supplied by the power supply when a level
of the load current supplied by the power supply is lower than a level of the signal indicating the maximum one
of the load currents of the power supplies; and
a capacitive element for high frequency removal,
wherein the non-�directional impedance element is inserted between the load current comparison part and the
signal indicating the load current supplied by the power supply.

8. The power supply as claimed in claim 7, further characterized by: �

an impedance element for discharging the capacitive element.

9. The power supply as claimed in claim 7, further characterized by: �

an impedance element connected in series to the capacitive element.

10. The power supply as claimed in claim 6, further characterized by: �

a supply voltage comparison part configured to compare a signal indicating a supply voltage supplied by the
power supply and a signal in which an output signal of the load current comparison part is superposed on a
signal indicating a reference voltage of the supply voltage;
a PWM comparison part configured to compare an output signal of the supply voltage comparison part and a
triangle wave signal; and
a supply voltage generation part configured to generate the supply voltage corresponding to a duty ratio of an
output of the PWM comparison part,
wherein the supply voltage comparison part controls the supply voltage generation part through the PWM
comparison part so that a level of the supply voltage is equalized with a level of the superposition of the output
signal of the load current comparison part and the reference voltage.
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